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A PIPE SEGMENT FOR A TRANSFER LINE FOR TRANSPORTING 
HOT PARTICULATE MATERIAL 



TECHNICAL FIELD 



5 



The present invention relates to a pipe segment for transporting a hot particulate 
material, such as hot iron ore fines, in a carrier gas in a transfer line, a transfer line 
for transporting hot particulate material including a plurality of such pipe segments 
as well as to a process for transporting hot particulate material in a carrier gas in a 
10 direct smelting plant for producing molten metal from a metalliferous feed material, 
in particular between a pretreatment unit and solid delivery means in the form of 
lances for injecting the material into a direct smelting vessel. 

An Australian provisional application in the name of the applicant lodged on the 
15 same day as the subject application describes a direct smelting plant for producing 
molten metal, such as molten iron, from metalliferous feed material, such as iron 
ore fines, that includes: 



20 



(a) 



a pretreatment unit for pretreatlng metalliferous feed material and 
producing pretreated feed material having a temperature of at least 
200°C; 



25 



(b) 



a direct smelting vessel for smelting pretreated metalliferous feed 
material to molten metal, the vessel being adapted to contain a mol- 
ten bath of metal and slag, the vessel including a solids delivery 
means for receiving and thereafter supplying pretreated metalliferous 
feed material at a pressure above atmospheric pressure and at a 
temperature of at least 200°C into the vessel; 
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(c) 



a hot feed material transfer apparatus for transferring pretreated 
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metalliferous feed material from the pretreatment unit to the solids de- 
livery means of the direct smelting vessel, the transfer apparatus 
comprising: 

(i) a hot feed material storage means for storing pretreated metalli- 
ferous feed material at at least 200°C and at a pressure above 
atmospheric pressure; 

(ii) a hot feed material transfer line for transferring pretreated 
metalliferous feed material at at least 200°C under pressure to 
the solids delivery means of the direct smelting vessel; 

(|ji) a pressurising means for supplying gas at a pressure above 
atmospheric pressure to the hot feed material storage means 
for pressurising the storage means and to the hot feed material 
transfer line for acting as a carrier gas for transporting pre- 
treated metalliferous feed material along the line to the solids 
delivery means. 

A commercial scale direct smelting plant of the type described in the Australian 
provisional application that is currently being constructed will include a pretreat- 
ment unit that will preheat iron ore fines of 6-8 mm top size to a temperature of the 
order of 680°C. The hot ore will be transported hot, i.e at temperatures of the order 
of 680°C, by the hot feed material transfer apparatus to the solids delivery means 
of the direct smelting vessel and thereafter be injected hot, suspended within a 
carrier gas having a velocity in the range of 70 - 120 m/s into the vessel. The 
current plant design includes four solids delivery means in the form of solids injec- 
tion lances and two transfer lines for supplying hot ore fines to the lances, with one 
transfer line supplying hot ore fines to a pair of lances. The plant is designed to 
process a substantial amount of iron ore fines. Specifically, each transfer line is 
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currently designed to transport 110-120 tph of hot ore fines to each pair of lances, 
with the hot ore fines bring transported along the lines by nitrogen gas supplied at 
20°C at a rate of 3100 Nm 3 /hr. 

5 The above-described direct smelting plant presents significant materials handling 
issues for the hot feed material transfer apparatus. 

Specifically, iron ore fines are abrasive and, therefore, wear of transfer lines is a 
significant design issue. 

10 

In addition, whilst the direct smelting plant is designed to operate for long cam- 
paigns, typically more than 12 months, the temperature of the transfer lines will not 
remain constant during a campaign and, accordingly, accommodating thermal 
expansion while maintaining line seal integrity is another significant design issue 
1 5 for the transfer lines. 

In addition, the pressure within the transfer lines will not remain constant during a 
campaign and may vary quite considerably, particularly in situations where sudden 
deliberate increases and decreases in internal pressures are used to clear block- 
20 ages in transfer lines. Accordingly, accommodating internal pressure variations 
within transfer lines while maintaining line seal integrity is another significant de- 
sign issue for the transfer lines. 

The present invention focuses on the transfer lines, and more particularly on pipe 
25 segments for constructing the transfer lines, for the hot feed material transfer 
apparatus of the above-described direct smelting plant. 

The present invention is not confined to this application and extends generally to 
hot particulate material transfer lines and pipe segments for constructing the trans- 
30 fer lines. 
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DISCLOSURE OF THE INVENTION 

According to the present invention there is provided a pipe segment for transport- 
ing a hot particulate material, such as hot iron ore fines, in a carrier gas in a trans- 
fer line, which pipe segment includes: 

(a) an outer pipe section; 

(b) an inner pipe section defining a passageway for a hot particulate 
material and a carrier gas, the inner pipe section being positioned 
within the outer pipe section, and the inner pipe section being formed 
from or having an inner lining of an abrasion resistant material; and 

(c) a support means supporting the inner pipe section in relation to the 
outer pipe section so that the inner pipe section can expand axially 
relative to the outer pipe section in response to temperature changes 
in the material being transported in the pipe segment, the support 
means including a first support means located at one end of the pipe 
segment, the first support means including a support member that 
can receive an end of an inner pipe section of an adjacent pipe seg- 
ment when the adjacent pipe segment is positioned in use in end to 
end relationship with the said pipe segment and can allow axial ex- 
pansion of that inner pipe section relative to the outer pipe section of 
the said adjacent pipe segment in response to temperature changes 
in the material being transported in the said adjacent pipe segment. 

Preferably the support member encloses and extends axially from one end of the 
inner pipe section of the said pipe segment and can receive and enclose the end 
of the inner pipe section of the adjacent pipe segment when the said adjacent pipe 
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segment is positioned in use in end to end relationship with the said pipe segment 
and can allow axial expansion of at least that inner pipe section while the ends 
remain enclosed within the support member. 

5 The above arrangement makes it possible for the inner pipe sections of the said 
pipe segment and the said adjacent pipe segment to be positioned in end to end 
relationship with gaps between the ends of the inner pipe sections that can allow 
axial expansion of one or both of the inner pipe sections relative to the outer pipe 
section or sections in response to thermal expansion or contraction of the inner 

10 pipe section or sections and while maintaining an appropriate seal between the 
ends of the inner pipe sections. 

Preferably the support member forms a seal with the ends of the inner pipe sec- 
tions of the said pipe segment and the said adjacent pipe segment. 

15 

Preferably the support member includes an inwardly facing cylindrical surface for 
contacting the outer surfaces of the ends of the inner pipe sections of the said pipe 
segment and the said adjacent pipe segment. 

20 Preferably the support member is in the form of a sleeve having the inwardly fac- 
ing cylindrical surface. 

In one embodiment the support member is directly connected only to the outer 
pipe section of the said pipe segment, whereby the inner pipe section can move 
25 axialiy relative to the support member and the outer pipe section in response to 
thermal expansion or contraction of the inner pipe section. 

Preferably the first support means also supports the inner pipe section in relation 
to the outer pipe section so that the inner pipe section can expand radially relative 
30 to the outer pipe section. 
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Preferably the first support means defines a barrier to movement of gas axially 
along the space between the inner and outer pipe sections of the pipe segments. 
In the event that carrier gas escapes from the inner pipe sections of a transfer line 

5 into the space, gas flow axially along the space can result in the outer pipe sec- 
tions of the pipe segments buckling and causing hot spots on the surface of the 
outer pipe sections. The hot spots are a significant safety issue and can have a 
substantial impact on the viability of a transfer line, and replacement of the dam- 
aged pipe segments is necessary. By providing each pipe segment with the barrier 

10 makes it possible to confine gas flow within each pipe segment to that pipe seg- 
ment only and thereby minimises the impact of the escape of carrier gas into the 
space between the inner and outer pipe sections of the pipe segments. 

Preferably the first support means includes a frusto-conical barrier member having 
15 a larger diameter end that is welded or otherwise connected to the outer pipe 
section of the said pipe segment and a smaller diameter end that is welded or 
otherwise connected to the support member. 

Preferably the frusto-conical barrier member is arranged so that the larger diame- 
20 ter end is located at the end of the outer pipe section and the smaller diameter end 
is located inwardly of the end of the inner pipe segment: 

In another embodiment the support member is directly connected to both the outer 
pipe section and the inner pipe section, whereby the end of the inner pipe section 
25 (but not the remainder of the inner pipe section) is constrained from axial expan- 
sion relative to the outer pipe section at that end of the pipe segment. 

With this arrangement, axial expansion in response to thermal expansion or con- 
traction of the inner pipe section is limited to the other end of the pipe segment. 
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Preferably the support means includes a second support means positioned at a 
location along the length of the pipe segment between the ends of the pipe seg- 
ment and it supports the inner pipe section in relation to the outer pipe section for 
axial expansion relative to the outer pipe section. 

5 

Preferably the second support means also supports the inner pipe section in rela- 
tion to the outer pipe section so that the inner pipe section can expand radially 
relative to the outer pipe section. 

10 In one embodiment the second support means is welded or otherwise connected 
to the outer pipe section and the inner pipe section. 

In another embodiment the second support means is welded or otherwise con- 
nected to the outer pipe section only, whereby the inner pipe section can move 
1 5 axially relative to the outer pipe section and the second support means. 

In another embodiment the second support means is welded or otherwise con- 
nected to the inner pipe section only whereby the inner pipe section and the sec- 
ond support means can move axially relative to the outer pipe section. 

Preferably the second support means functions as a spring that provides a resis- 
tance to radial expansion of the inner pipe section relative to the outer pipe sec- 
tion. 

More preferably the second support means is in the form of a plurality of rods, 
each of which is bent so as to function as a spring, that are positioned at spaced 
intervals around the circumference of the inner and outer pipe sections at a loca- 
tion along the length of the pipe segment. 

Preferably the inner pipe section (4) is made of an wear-resistant and/or abrasion 
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resistant material, e.g. cast iron, and does not comprise an inner and/or outer 
lining. 

More particularly the abrasion resistant material is a white cast iron. 
Preferably the outer pipe section is formed from a steel. 

Preferably the pipe segment further includes thermal insulation in the space be- 
tween the inner and outer pipe sections. 

Typically the particulate material is iron ore fines, e. g. iron ore fines with a reduc- 
tion grade between 0 and 100%, preferably a reduction grade between 8 and 95%. 

Typically the particulate material is at a temperature between 200 and 850°C and 
preferably between 300 and 850°C. 

According to the present invention there is also provided a transfer line for trans- 
porting hot particulate material, such as iron ore fines, in a carrier gas, whiph 
transfer line includes a plurality of the above-described pipe segments positioned 
in end to end relationship with the ends of adjacent outer pipe sections welded or 
otherwise connected together, and the end of one of each pair of adjacent inner 
pipe sections extending into and engaging the support member of the other of the 
pair of adjacent inner pipe sections. 

As is indicated above, the transfer line of the present invention is directed particu- 
larly, although by no means exclusively, to transporting hot iron ore fines between 
a pretreatment unit and solid delivery means in the form of lances for injecting the 
hot ore fines into a direct smelting vessel in a direct smelting plant. 
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With this arrangement, preferably the iron ore fines are preheated to a tempera- 
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ture of 680°C in the pretreatment unit, the carrier gas is at least substantially N 2 
and is supplied to the transfer line at an ambient temperature, and the operating 
conditions are controlled so that the hot ore fines are transported along the trans- 
fer line at a minimum velocity of at least 19 m/s by the carrier gas, and are injected 
5 into the direct smelting vessel with the carrier gas having a lance tip velocity in the 
range of 70 - 1 20 m/s. 

Generally the top size of the iron ore fines lies within in the range between 6 and 8 
mm. Preferably at least 30% of the iron ore fines have a particle size of less than 
10 0.5 mm, while the d_50 diameter lies between 0.8 and 1 .0 mm with a wide particle 
size distribution. Thus, e.g. 95% of the particles provide a particle size of less than 
6.3 mm. 

The annular space between the outer and inner pipe sections is typically insulated 
15 so that the temperature of the outer pipe is less than 100 °C. 

Preferably the static pressure in both, the inner and outer pipe sections of the 
transfer line is substantially equal. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in more detail hereinafter, by way of example, 
with reference to the accompanying drawings, of which: 

25 Fig. 1 illustrates in diagrammatic form the lower lock hoppers, screw con- 

veyors, transfer lines, and return lines that form part of a hot iron- 
containing feed material transfer apparatus of a direct smelting plant; 
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Fig. 2 is a cross-section of one embodiment of a pipe segment in accor- 

dance with the present invention; 
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Fig. 3a is a partially cut-away cross-section of a central section of the pipe 
segment shown in Figure 2 with the outer pipe section removed and 
illustrating in detail the second support means of the pipe segment; 

Fig. 3b is a pictorial representation of the second support means; 

Fig.s4to6 are a sequence of 3 cross-sections illustrating the flow paths of 
carrier gas that escapes from the passageway defined by the inner 
pipe sections at one end of a pipe segment into the annular space 
between the inner and outer pipe sections and how the gas may re- 
turn to the passageway at the other end of the inner pipe segment; 
and 

Fig. 7 is a cross section of another embodiment of a pipe segment in ac- 

cordance with the invention which is a modified form of the pipe 
segment shown in the other Figures and includes a chamfered edge 
that may be included on an inner pipe. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The following description is in the context of transfer lines for transporting hot iron 
ore fines between a pretreatment unit and lances for injecting the hot ore fines into 
a direct smelting vessel in the direct smelting plant described in the above- 
mentioned Australian provisional application. 

The main components of the direct smelting plant are: 



(a) a pretreatment unit (not shown) in the form of a preheater for preheat- 
ing iron ore fines, typically having a top size of 6-8 mm, typically to a 
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temperature of the order of 680°C; 

(b) a direct smelting vessel 5 for smelting the preheated iron ore fines to 
molten iron; and 

(c) a hot iron-containing feed material transfer apparatus 7 (only partially 
shown in Fig. 1) for storing preheated iron ore fines and transferring 
the fines under pressure to solids injection lances of the direct smelt- 
ing vessel. 

The direct smelting vessel 5 may be any suitable vessel for carrying out a direct 
smelting process, such as the Hlsmelt process described above. 

Australian provisional application 2003901693 in the name of one of the applicants 
includes a description of the general construction of a Hlsmelt vessel and the 
disclosure in the Australian provisional application is incorporated herein by cross- 
reference. 

The vessel is also fitted with eight solids injection lances extending downwardly 
and inwardly through the side walls for injecting preheated iron ore fines, solid 
carbonaceous material, and fluxes entrained in an oxygen-deficient carrier gas into 
a molten bath in the vessel. The solids injection lances are in 2 groups of 4 lances, 
with the lances 27 in one group receiving preheated hot iron ore fines and the 
lances (not shown) in the other group receiving coal and flux (via a carbonaceous 
material/flux injection system - not shown) during a smelting operation. The lances 
in the 2 groups are arranged alternately around the circumference of the vessel. 

The hot iron-containing feed material transfer apparatus 7 referred to in item (c) 
above includes; 
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(a) a hot feed material storage means for storing preheated iron ore fines 
under pressure - illustrated in part in Fig. 1 and generally identified by 
the numeral 61 ; 

(b) a series of hot feed material transfer lines 11 for transferring pre- 
heated iron ore fines under pressure from the storage means 61 to 
solids injection lances; 

(c) a source of N 2 gas 13 and N 2 gas lines 15 for supplying N 2 gas to 
pressurise the storage means 61 and to transport pretreated iron ore 
fines along the transfer lines 1 1 ; and 

(d) a return line 17 for returning preheated iron ore fines to the preheater 
3. 

The storage means 61 of the hot iron-containing feed material transfer apparatus 7 
is divided into 2 groups 9a and 9b, with one group being connected via a transfer 
line 11 to one pair of solids injection lances 27 and the other group being con- 
nected via another transfer line 1 1 to the other pair of solids injection lances 27. In 
use, preheated iron ore fines are supplied via screw conveyors 39 to the inlet ends 
45 of the transfer lines 11. N 2 gas under pressure and at ambient temperature is 
also supplied to the inlet ends 45 of the transfer lines 11 from the N 2 gas source 
via lines 47 and picks up and transports the preheated iron ore fines along the 
transfer lines 1 1 to the solids injection lances 27. 

Each transfer line 1 1 branches into two sub-branches 1 1 a, 1 1 b in the region of the 
direct smelting vessel 5 and the branch lines supply preheated iron ore fines to a 
diametrically opposed pair of solids injection lances 27. 

The return line 17 for each transfer line 11 extends from the return line 11 to the 
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preheater 3. The return lines 17 include appropriately located isolation valves A for 
controlling flow of preheated iron ore fines into the return lines 17. 

The hot iron-containing feed material transfer apparatus 7 also includes a means 
for controlling the flow of preheated iron ore fines along the transfer lines 11 from 
the storage means 61 to the solids injection lances 27. 

In any given situation, the actual flow rates of N 2 gas and preheated iron ore fines 
supplied to the transfer lines 1 1 will be a function of a range of variables including 
the particle size distribution of the iron ore fines, temperatures of the N 2 gas and 
the iron ore fines, and target tip velocities for the solids injection lances 27. In one 
particular embodiment modeled by the applicants the target pickup velocity is 
19 m/s and the target tip velocity of the carrier gas is in the range of 70-120 m/s 
and each group 9a, 9b of storage means 61 supplies 123 tph preheated iron ore 
fines (at 680°C) to the associated transfer line 11 and the N 2 gas 13 supplies 3,100 
Nm 3 /hr N 2 gas at 20°C to the transfer line 1 1 . 

The transfer lines 11 are constructed from a plurality of the pipe segments shown 
in Fig.s 2 to 6 positioned in end to end relationship. 

The end to end relationship of the pipe segments is illustrated in part in Fig. 2. 
Specifically, the left hand side of the Fig. illustrates an end section of one pipe 22a 
that is only shown to a limited extent in the Fig. and is engaged with the pipe 
segment 22 that is shown in detail in the Fig.. 

With reference to Fig.s 2 to 6 , the pipe segment 22 includes: 

(a) an outer pipe section 2 formed from steel, e.g. formed from SCK 
carbon steel; 
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(b) an inner pipe section 4 defining a passageway 6 for hot iron ore fines 
and N 2 carrier gas, the inner pipe section 4 being positioned within 
the outer pipe section 2 and being formed from an abrasion resistant 
white cast iron; 

5 

(c) a means for supporting the inner pipe section 4 in relation to the outer 
pipe section; and 

(d) thermal insulation in the annular space between the outer and inner 
10 pipe sections 2, 4. 

The inner and outer pipe sections (4, 2) are concentrically with regard to each 
other. 

15 The support means has the dual function of supporting the inner pipe section 4 in 
relation to the outer pipe section 2 so that: 

(a) the inner pipe section 4 can expand axially in response to tempera- 
ture changes in the material being transported within the inner pipe 

20 section 4; and 

(b) the inner pipe section 4 can expand radially in response to tempera- 
ture or pressure changes within the inner pipe section 4. 

25 The support means is positioned at two locations along the length of the pipe 
segment. 
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One location of the support means is at the left hand end of the pipe segment as 
viewed in Fig. 2. 
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This first support means includes a support member in the form of a sleeve 8 that 
is formed from the same material as the inner pipe section 4 and is fitted around 
and welded to the left hand end (as viewed in Fig. 2) of the inner pipe section 4. 

5 The first support means also includes a frusto-conical member 1 0 that is welded to 
the sleeve 8 and to the left hand end of the outer pipe section 2 and thereby con- 
nects the sleeve 8 to the outer pipe section 2 and supports the sleeve 8 in relation 
to the inner pipe section 4. The member 10 forms a barrier, i.e. a bulkhead, at that 
end of the pipe segment, that prevents gas flow along the length of the annular 

10 space between the outer and inner pipe sections 2, 4. 

The sleeve 8 extends axially from the left hand end of the inner pipe section 4 and, 
in use, can receive an end of an inner pipe section 4a of an adjacent pipe segment 
22a. 

15 

The sleeve 8 is formed so that the inner surface of the sleeve 8 contacts the outer 
surfaces of the inner end section 4 of the pipe segment 22 and the inner pipe 
section 4a of the adjacent pipe segment and allows sliding movement of the inner 
pipe section 4a within the sleeve 8 in response to thermal expansion/contraction of 
20 the inner pipe sections while maintaining a seal with the inner pipe sections 4, 4a. 
This is an effective form of expansion joint. 

The inner pipe section 4 at the right hand end of the pipe segment 22, as viewed 
in Fig. 2, extends beyond the outer pipe section 2 at that end and forms an end 
25 that can extend in use into a successive pipe positioned in end to end relationship 
with the pipe segment 22 (see Fig. 6). In this arrangement, inner pipe section 4 at 
the right hand end of the pipe segment can expand axially to accommodate ther- 
mal expansion or contraction of the inner pipe section 4 in the same way as the 
inner end section 4a of the pipe segment at the left hand end of Fig. 2. 

30 
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The location of the other support means is mid-way along the length of the pipe 
segment as viewed in Fig. 2. 

This second support means includes a sleeve 44 and 3 stainless steel rods 14 that 
5 are welded to the sleeve 44 and extend outwardly therefrom. The support means 
also includes curved skid pads 64 welded to the outer ends of the rods 14. 

As can best be seen in Fig.s 3a and 3b, the rods 14 are equi-spaced around the 
circumference of the sleeve 44. 

10 

The sleeve 44 is fixed to the inner pipe section 4 by means of grub screws 46 
(Fig.s 3a and 3b) or the like. 

The second support means is formed so that the curved skid pads 64 contact the 
15 inner surface of the outer pipe section 2 of the pipe segment. Thus, the inner pipe 
section 4 and the support means can move axially in relation to the outer pipe 
section 2. 

The second support means locates the inner pipe section 4 in relation to the outer 
20 pipe section 2. This is important having regard to the length of the pipe segment 
and the objective of this embodiment of providing an arrangement in which the 
inner pipe section 4 can move axially and radially relative to the outer pipe 
section 2. 

25 With regard to the latter point, the rods 14 of the second support means are bent 
into a V-shape form and thereby function as springs that can respond to changes 
in temperature or internal pressure in the inner pipe section 4 of the pipe segment 
22 and provide a restoring force that resists outward radial expansion of the inner 
pipe section 4. 
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The insulation in the annular space between the inner and euter pipe sections 2.4 
may be any suitable insulation. Fig. 2 indicates that the insulation is in the form of 
fibreboam insulation 36 along a substantial part of the length of the pipe segment 
in addition, the Fig. 2 embodiment also Includes "wet pack" insulation 38 adjacent 
the frusto-conica, member 1 0. Fig.s 4 to 6 indicate that the insulation is in the form 
of a knitted ceramic fibre matting 40 wrapped around the inner pipe sections 4, 4a 
and calcium silicate insulation 42 occupying the remainder of the annular space 
along a substantial part of the length of the pipe segment. As is the case wtth the 
Fig. 2 embodiment, the Fig.s 4 to 6 embodiment also includes Vet pack isola- 
tion 46 adjacent the frusto-conical member 1 0. 

Fig s 4 to 6 illustrate the function of the bulkheads 10 of the first support means as 
a barrier to gas flow. The expansion joint defined by the sleeve 8 and the ends of 
the inner pipe sections 4. 4a of adjacent pipe segments 22, 22a do not form a gas 
tight seal over the whole of the pressure operating range of the transfer line. Con- 
sequently, there may be situations in which carrier gas flowing within the pas- 
sageway 6 along the length of the transfer line escapes from the passageway 6 
via the expansion joint and flows through the insulation that occupies the annular 
space between the inner and outer pipe sections 2,4. As is indicated above, such 
gas flow is undesirable. Fig.s 4 to 6 illustrate that the bulkheads 10 prevent the 
gas flow in the annuiar space along the transfer line beyond the bulkheads 10 and 
uttimately the bulkheads 10 redirect the gas flow back into the passageway 6. 
Thus, the bulkheads 10 minimise the adverse impact of gas escape. 

Fig 7 indicates a chamfered edge that may be included at least at one end of the 
inner pipe secflon 4. The chamfer 48 is preferably in the omer of 30" (but may be 
any other suttable angle) and may be located at one or both ends of the inner p,pe. 
Where the chamfer 48 is located on only one end of an inner pipe secflon 4, the 
section is preferably orientated so that the chamfer 48 is located on the down: 
stream side of the expansion joint. The chamfer 48 extends across an end face of 
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the inner pipe from a point adjacent the outer surface of the pipe to a point adja- 
cent the inner surface of the pipe. The point adjacent the outer surface of the pipe 
is located adjacent the end face and the point adjaoent the inner pipe surface ,s 
located internally of the pipe. In this way the chamfer 48 forms part of the ,nner 
surface of the pipe which in use provides containment of conveying gas and fines. 
This location of the chamfer 48 allows any fines that may have accumulated ,n the 
expansion joint between adjaoent sections of inner pipe to flow along the surface 
of the chamfer 48 upon any subsequent expansion of the inner pipe sections. The 
chamfer 48 helps to prevent an accumulation of fines in an expansion ,o,nt ob- 
structing relative movement of the inner pipes when they undergo expansion. 

Many modffications may be made to the embodiment of the present invention 
described above without departing from the spirit and scope of the invenfion. 



